Beef steers (n = 11,877) from 7 studies were fed zilpaterol hydrochloride (ZH) for 0 or 20 to 40 d before slaughter to determine the effects of ZH on subprimal weight and yield. Carcasses were selected based on mean HCW of treatment groups for fabrication into boneless, closely trimmed, or denuded subprimals, lean, fat, and bone. Data from the 7 trials were pooled for statistical analysis. Feeding ZH increased (P < 0.05) weights of all major subprimals compared with steers not supplemented with ZH. Also, subprimals from the hindquarter, including valuable cuts like the tenderloin, strip loin, and top sirloin butt, increased (P < 0.05) as a percentage of cold carcass weight from steers fed ZH.
INTRODUCTION
Zilpaterol hydrochloride (ZH), a β 2 -agonist, has been approved in the United States to increase rate of BW gain, improve feed efficiency, and increase carcass leanness according to label indications (FDA, 2006) and is commercially available to feedlot operators. Zilpaterol hydrochloride has been approved and used in Mexico and South Africa for over 10 yr. Other β 2 -agonists such as clenbuterol, l-644,969, and cimaterol have been shown to function as repartitioning agents increasing lean muscle and decreasing fat deposition (Ricks et al., 1984; Moloney et al., 1990; Chikhou et al., 1993) . Ractopamine hydrochloride, another β 2 -agonist, is also approved for use in the United States to increase feed efficiency and red meat yield. Approval and postapproval trials (Plascencia et al., 1999; Hilton et al., 2009) have illustrated that ZH increased carcass cutability as well as weight and percentage of weight of carcass subprimals. Feeding ZH also improved feed efficiency and increased ADG (Plascencia et al., 1999; Avendaño-Reyes et al., 2006; Hilton et al., 2009) . Therefore, the use of ZH in the United States to improve efficiency and profitability to producers and packers should be evaluated. In order for ZH to be effectively marketed in the United States, it is critical to evaluate how it affects carcass cutability from steers of varying phenotypes fed commercially in US feeding systems. The objectives of this study were to examine the effects of feeding ZH on carcass component cutability and weight at the end of the feeding period to steers of varying phenotypes under US commercial conditions. Committee (Z-1), the Texas Tech University Animal Care and Use Committee (Z-8 and Z-11), or followed the guidelines described in the Guide for the Care and Use of Agricultural Animals in Agricultural Research and Teaching (FASS, 1999; Z-2, Z-3, Z-5, and Z-6) .
MATERIALS AND METHODS

Cattle, Feeding, and Slaughter
Seven independent beef cattle feeding trials were conducted with varying phenotypes in each study, with the intent that diverse percentages of carcasses grading USDA Choice would result (Elam et al., 2009) . Steers (n = 11,877) were fed in 7 independent trials (Z-1, Z-2, Z-3, Z-5, Z-6, Z-8, and Z-11). Cattle were fed commercially in the Texas panhandle (Z-2, Z-3, Z-8, and Z-11), Idaho (Z-5), and Oklahoma (Z-1 and Z-6). The average number of steers assigned to each pen was 85.
British and British × Continental steers (n = 384) were fed at a research facility in Stillwater, OK, in the Z-1 trial. Blocking, penning, and treatment designation during the live phase of the experiment are described by Holland et al. (2010) . The 8 treatments were arranged in a 2 × 4 factorial. Zilpaterol hydrochloride was supplemented at 0.0 or 8.3 mg/kg (100% DM basis) for 20 d at the end of the feeding period. Within each ZH inclusion amount, steers were paired with ZH withdrawal periods of 3, 10, 17, or 24 d before slaughter. Because ZH is rapidly (>95% in 72 h) removed in the urine (Shelver and Smith, 2006) , a withdrawal period greater than 3 d may reduce performance and minimize improvement of carcass yields. Therefore, only the steers (n = 32) with a 3-d withdrawal period were selected for intensive carcass fabrication and included in the statistical analysis of this paper. In Z-2 and Z-3, British and British × Continental beef steers (n = 4,770) were fed at a research facility at Cactus, TX. Treatments were supplementation of ZH for 0 (0 d) or 8.3 mg/kg (100% DM basis) ZH for 20, 30, or 40 d at the end of the feeding period and 3-d withdrawal before shipping. In the Z-5 trial, British and British cross yearling beef steers (n = 2,067) were fed commercially in Parma, ID. The same 4 treatments were used as in trials Z-2 and Z-3. In the Z-6 trial, British crossbred steers (n = 1,810) were fed in a commercial feedlot in Watonga, OK. The same 4 treatments were used as in Z-2, Z-3, and Z-5. Blocking, penning, and treatment designation during the live phase of Z-2, Z-3, Z-5, and Z-6 are described by Elam et al. (2009) . British crossbred steers (n = 587) were fed in New Deal, TX, in the Z-8 trial. Sixteen treatments were arranged in a 4 [8.3 mg/kg of ZH (100% DM basis) for 0, 20, 30, or 40 d at the end of the feeding period] × 4 (DOF before slaughter of 136, 157, 177, and 198 d) factorial. Additional information of cattle management is reported by Vasconcelos et al. (2008) . In the Z-11 trial, English × Continental steers (n = 2,279) were assigned to 1 of 4 treatments. The 4 treatments were arranged in a 2 (ZH; 0.0 or 8.3 mg/kg, 100% DM basis) × 2 (Revalor-S, Intervet Inc., Millsboro, DE; 0.0 or 120 mg of trenbolone acetate and 24 mg of estradiol-17β) factorial. Zilpaterol hydrochloride was included in the diet for the final 30 d of the feeding period followed by a 3-d withdrawal before slaughter. Blocking, penning, and management during the live phase portion of the experiment are described by Kellermeier et al. (2009) .
Cattle were slaughtered in 4 commercial slaughter operations, 2 in the Texas panhandle, 1 in Washington, and 1 in Kansas (Vasconcelos et al., 2008; Elam et al., 2009; Kellermeier et al., 2009) or in the abattoir of the Oklahoma State University Food Agriculture Products Center, Stillwater (Shook et al., 2009 ).
Carcass Selection
Carcass sides were selected from each treatment within each trial. First priority in selection was HCW, next was USDA Yield grade, and last was USDA Quality grade. Carcass sides were selected within each treatment group, by trial, to fill a matrix of cells designed to obtain carcass sides from a full range of USDA Yield grades 1, 2, 3, and 4 (Table 1 ) and also representing USDA Prime, Choice, Select, and Standard. Additionally, all carcasses with mis-splits, bruising, other carcass defects were avoided for fabrication selection. In 2 of the studies, carcasses were fabricated in plant (Z-2 and Z-5). In the other 5 studies, carcasses were transported to Texas Tech University Gordon W. Davis Meat Laboratory, Lubbock (Z-3, Z-8, and Z-11), or Oklahoma State University Food Agriculture Products Center, Stillwater (Z-1 and Z-6) for fabrication.
Carcass Fabrication
Before fabrication, cold carcass side weights (CSW) were measured and recorded using a certified scale. Carcasses were fabricated following normal commercial conditions in plant or in meat laboratory facilities. Carcass break points were identified following USDA Institutional Meat Purchase Specifications (IMPS) for Fresh Beef Products, Series 100. Carcasses were fabricated into denuded or 6-mm trimmed subprimals following IMPS trimming specifications. The subprimals collected from each fabricated carcass side were the blade meat (IMPS #109B), ribeye roll (IMPS #112A), chuck shoulder clod (IMPS #114), chuck roll (IMPS #116D), chuck tender (IMPS #116B), brisket (IMPS #120), outside skirt (IMPS #121C), inside skirt (IMPS #121D), boneless short plate (IMPS #121G), short ribs (IMPS #123), back ribs (IMPS #124), boneless short ribs (IMPS #130A), peeled knuckle (IMPS #167A), inside round (IMPS #168C), outside round flat (IMPS #171B), eye of round (IMPS #171C), strip loin (IMPS #180), top butt (IMPS #184C), flap (IMPS #185A), ball tip (IMPS #185B), tri-tip (IMPS #185D), tenderloin (IMPS #189D), flank steak (IMPS #193), pectoral meat, hanging tender, elephant ear, heel, hind shank meat, fat, bone, kidney, kidney knob fat, 90/10, 80/20, and 50/50 trimmings. Trim was sorted based on vi-sual assessment as would be typical in commercial beef processing facilities. Each subprimal was weighed and expressed as a percentage of CSW. Recovery of CSW ranged from 98.47 to 100.97%.
Statistical Analysis
Initially, trial (Z-2, Z-3, Z-5, Z-6) and treatment (0, 20, 30, 40 d) interactions were tested using the GLM procedures (SAS Inst. Inc., Cary, NC). Evaluation of simple-main effects for treatments across trials demonstrated strong differences (P < 0.0001) for all statistics of interest with significant trial × treatment interactions. These responses coupled with visual appraisal of response surface data indicated that the interactions were primarily due to magnitude differences for individual treatments across trials. Zilpaterol hydrochloride response surface analyses were completed for all trials containing a full complement of days fed ZH (20, 30, and 40 d fed ZH; ZH trials Z2, Z3, Z5, Z6, and Z8; n = 414 steers total) to provide justification for combining all ZH treatments into a single treatment designation. Unbalanced data were analyzed as a mixed model using the MIXED procedures of SAS. The model statement included ZH treatment, yield grade, and their interaction, with degrees of freedom adjusted by Satterthwaite's approximation. The random statement included trial and trial × ZH treatment. No response surfaces were significant (P ≥ 0.10). Because >90% of the ZH response occurs with 20 d of feeding (Elam et al., 2009), all ZH treatments (20, 30, and 40 d) were reclassified under a single ZH treatment designation for the remaining analyses. Data were pooled and analyzed as a 2-way classification with replication using the MIXED procedures of SAS. The model statement included treatment, and the random statement included trial and trial × treatment. For all statistics of interest, model assumptions were tested to ensure variance components were analyzed appropriately. Heteroscedasticity was tested with a null model likelihood ratio test by treating all variance components as fixed effects and identifying treatment with the repeated/group option of PROC MIXED. For cases of heteroscedasticity (P < 0.15) the largest SE value is reported. Univariate procedures were used to test normality of model residuals using a Shapiro-Wilks test. In cases of non-normal distributions (P < 0.15), the data were rank transformed, analyzed by the same model as for nontransformed data, and compared against the original data to determine the most conservative probability values.
RESULTS AND DISCUSSION
Carcass Fabrication and Yield
Results of all carcass subprimals and other component parts based on a percentage of CSW and weight are presented in Table 2 . Inclusion of ZH in the diet increased (P < 0.05) CSW. An increase in HCW (Elam et al., 2009 ) was observed, so it was expected that CSW would be greater for steers fed ZH. These findings are in agreement with previous studies by Avendaño-Reyes et al. (2006) and Plascencia et al. (1999) in which carcass weights increased with ZH. However, Hilton et al. (2009) did not show an increase in carcass weight with inclusion of ZH in the diet near the end of the feeding period.
Subprimals from the chuck (shoulder clod, chuck roll, mock tender, and pectoral meat) and the brisket increased (P < 0.05) in weight from carcasses originating from steers fed ZH compared with controls. The brisket and pectoral meat increased (P < 0.05) as a percentage of CSW with inclusion of ZH when compared with cattle not fed ZH.
The ribeye roll and blade meat weighed more (P < 0.05) from carcasses derived from cattle fed ZH. Moreover, an increased (P < 0.05) percentage of blade meat as expressed by CSW was shown by inclusion of ZH, as well as a tendency (P = 0.06) for an increased percentage of ribeye roll as expressed by CSW with ZH inclusion.
All subprimal cuts (knuckle, inside round, flat, eye of round, and heel) from the wholesale round of carcasses from cattle fed ZH produced more kilograms (P < 0.05) and greater percentage (P < 0.05) of trimmed or denuded product compared with carcasses from nonsupplemented cattle. In addition, feeding ZH increased (P < 0.05) weight and percentage as CSW of hind shank meat.
All subprimal cuts (strip loin, top butt, flap, ball tip, tri-tip, flank steak, and peeled tender) from the wholesale loin were heavier (P < 0.05) from cattle fed Table 2 . Effects of feeding zilpaterol hydrochloride (ZH) 1 for 20 to 40 d on carcass fabrication values of finishing beef steers (pooled data from 7 studies: Z-1, Z-2, Z-3, Z-5, Z-6, Z-8, and Z-11) ZH. Additionally, the strip loin, top butt, ball tip, tritip, flank steak, and peeled tender yielded greater (P < 0.05) percentages of CSW when cattle were fed ZH. Loose cuts, including the inside skirt and the elephant ear, increased (P < 0.05) in weight, but only the inside skirt increased in percentage of CSW when cattle were fed ZH. The outside skirt and short ribs did not increase (P > 0.05) in weight with inclusion of ZH in the diet, whereas a decreased (P < 0.05) percentage of outside skirt as expressed by CSW was shown by ZH inclusion.
Although Avendaño-Reyes et al. (2006) did not report on individual subprimal weights, it was reported that carcass yields were increased with ZH. However, when carcasses were deboned, ZH steers yielded equal percentages of lean as control steers (Avendaño-Reyes et al., 2006) . In a study by Plascencia et al. (1999) , where individual subprimals were weighed and expressed as a percentage of carcass weight, several subprimals such as the sirloin, knuckle, inside skirt, and inside round were increased with ZH supplementation. However, in the same study, several subprimals were significantly reduced in weight or in percentage by ZH supplementation (Plascencia et al., 1999) . This is different from the current findings where no subprimals were significantly reduced in weight by ZH. The results of this study are in agreement with Hilton et al. (2009) that reported increased percentages of several high and low priced cuts, particularly from the hindquarter. Hilton et al. (2009) selected carcasses with similar HCW for cattle fed ZH and control cattle, so an increase in weights of subprimals was not reported. In the present study, carcasses were selected for fabrication based on mean HCW of each treatment group; thus, an increase in subprimal weight was observed. In the present study, valuable cuts from the loin, including the strip loin, top sirloin butt, and the peeled tender increased in weight and percentage of CSW with the inclusion of ZH in the diet. Also, all subprimal cuts from the round yielded a greater percentage of CSW from cattle fed ZH.
Trim was sorted based on visual assessment into 50/50, 80/20, or 90/10 as would occur following commercial practices. Extremely lean carcasses often produced no 50/50 trim, whereas extremely fat carcasses might not produce any 90/10 trim. Therefore, no differences (P > 0.05) were observed in 90/10 trim level between cattle supplemented with ZH and nonsupplemented cattle. However, carcasses from cattle fed ZH produced more (P < 0.05) kilograms of 50/50 and 80/20 trim than cattle not fed ZH. The increased weight of the 50/50 and 80/20 trim may be attributed to an increased weight of the lean portion of trim; however, no differences (P > 0.05) in percentage of CSW for any trim level were found between carcasses fed ZH and those not fed ZH, although there was a tendency (P = 0.09) for 80/20 trim to be greater from ZH-fed cattle.
Quantity of fat trim was not different among ZH treatments; however, percentage fat trim was less (P < 0.05) with ZH supplementation. Bone weight and bone percentage of CSW were less (P < 0.05) in carcasses from cattle fed ZH than cattle not fed ZH. Carcass fat also remained unchanged by ZH in a study by Avendaño-Reyes et al. (2006) ; however, in the same study it was reported that ZH had no significant impact on percent carcass bone, which contradicts the findings of this study. In the study by Avendaño-Reyes et al. (2006) , the sample size was much smaller (n = 54) than the current study, which may explain why differences existed in these traits between studies.
Most importantly, saleable weight and yield percentage of CSW of boneless, closely trimmed subprimals, other cuts, and trim were increased (P < 0.05) by feeding ZH for 20 to 40 d. With the large increase in carcass weight, it was expected fewer percentage increases would be observed with the inclusion of ZH in the diet. However, it is commercially important that valuable cuts increased in weight, thus increasing overall retail value. Specifically, increases in weight and percentage of the peeled tenderloin (0.24 kg, 0.06%), strip loin (0.39 kg, 0.08%), ribeye roll (0.35 kg, 0.05%), and top sirloin , 1996) . 5 Saleable yield = CSW -(fat trim + bone).
